Healthy aging is associated with brain volume reductions that involve the frontal cortex, but also affect other brain regions. We sought to identify an age-related network pattern of MRI gray matter using a multivariate statistical model of regional covariance, the Scaled Subprofile Model (SSM) with voxel based morphometry (VBM) in 29 healthy adults, 23-84 years of age (Group 1). In addition, we evaluated the reproducibility of the age-related gray matter pattern derived from a prior SSM VBM study of 26 healthy Network analysis with SSM VBM can help detect reproducible age-related MRI patterns, assisting efforts in the study of healthy and pathological aging.
Introduction
It is well established that healthy aging is associated with declines in frontal lobemediated cognitive functions (West, 1996; Albert, 1997; Grady and Craik, 2000; Rypma et al., 2001; Buckner, 2004; Van Petten et al., 2004) . Volumetric methods with magnetic resonance imaging (MRI) have shown age-related reductions in frontal regions, but have also found reductions in other brain areas, including in temporal, parietal, subcortical, cerebellar, and white matter regions (Raz et al., 1998; Good et al., 2001; Jernigan et al., 2001; Tisserand et al., 2002; Tisserand and Jolles, 2003) . Most volumetric MRI studies of healthy aging to date have used univariate, manually-traced regions of interest (ROI) of anatomically defined brain structures or voxel-based regional volume maps to characterize age effects. While such univariate approaches allow for comparisons of local regional brain volume, multivariate analysis methods test for covariance patterns of regional differences in brain volume, providing a complement to univariate methods for detecting and tracking the regionally distributed effects of aging and disease.
The Scaled Subprofile Model (SSM; Moeller et al., 1987) is one form of multivariate analysis that has been applied to numerous functional (Alexander and Moeller, 1994; Alexander et al., 1999; Eidelberg et al., 1995a, b; Moeller et al., 1996; Eidelberg, 1998; Habeck et al., 2003; 2004; Stern et al., 2005; Smith et al., 2006 ) and more recently structural neuroimaging studies (Alexander et al., 2006; 2008; Brickman et al., 2007; 2008) . As a modified form of principal component analysis (PCA), the SSM can directly test for network patterns in neuroimaging data that reflect the regionally
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In a previous study, we identified a multivariate network pattern of MRI gray matter associated with healthy aging using statistical parametric mapping (SPM2;
Wellcome Department of Imaging Neuroscience, London, UK) voxel-based morphometry (VBM; Ashburner and Friston, 2000; Ashburner et al., 2003) combined with the SSM. In this latter study, older age was associated with greater gray matter volume reductions in bilateral frontal, temporal, thalamic, and right cerebellar regions, with relative preservation in bilateral middle and superior temporal gyri in a group of 26 healthy adults with a continuous age range extending from 22 to 77 years (Alexander et al., 2006) . These findings were generally consistent with subsequent studies by Brickman et al. (2007; 2008) using SSM VBM with SPM99 to identify an age-related pattern of gray matter defined by distinguishing between two dichotomous young and old age groups that did not include middle-aged adults and by prospectively applying the age-group pattern to independent groups of similarly young and old healthy adults.
In the current study, we sought to identify an age-related multivariate network pattern of MRI gray matter using SPM5 VBM with SSM and bootstrap re-sampling in 29 neurologically healthy adults, over a continuous adult age range from 23-84 years of
age. Further, we tested the reproducibility of the results from our previous MRI study of healthy aging (Alexander et al., 2006) by 1) prospectively applying the observed network pattern from the prior study to the MRI scans obtained in the current independent sample of healthy adults and 2) re-analyzing the MRI scans from our previous report using the same SPM5 post-processing and bootstrap procedures
Age-Related MRI Network Patterns 7 applied in the current sample of healthy adults. Since the MRI scans for the two samples were acquired using different scan sequence parameters, we subsequently tested the ability of our network analysis method to extract an age-related pattern from both samples combined to evaluate the potential of this multivariate technique for detecting a reliable and robust age-related network pattern despite differences between cohorts in MRI sequence parameters. Finally, we evaluated the extent to which our network patterns of MRI VBM gray matter reductions in healthy aging could be explained by subject differences in an increased genetic risk for Alzheimer's dementia related to the presence of the apolipoprotein E (APOE) ε4 allele, a common susceptibility gene for late onset Alzheimer's disease (AD; Saunders et al., 1993; Reiman et al., 2001 ). We hypothesized that older age would be associated with a widely distributed regional network pattern of gray matter atrophy showing reductions preferentially involving frontal and selective temporal brain regions. Further, we expected that, despite the heterogeneity associated with individual differences in brain anatomy, technical differences in MRI acquisition across samples, and the APOEassociated genetic risk for dementia, our healthy aging-related MRI gray matter patterns would have common regional network features that are shared across our healthy adult cohorts with an age range extending from young to elderly adulthood.
Methods

Participants
Healthy volunteers were recruited by newspaper advertisement. Participants were grouped into three cohorts for analyses: a cohort of 29 subjects (Group 1), an
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Age-Related MRI Network Patterns 8 independent cohort of 26 participants (Group 2) from a previous report (Alexander et al., 2006) , and a combined group from the two cohorts producing a total of 55 subjects (Combined Group). Participant demographics for the three cohorts are shown in Table   1 . Participants in Group 1 were 23 to 84 years of age and included 11 men and 18
women. Demographics of participants in Group 2 have been described previously (Alexander et al., 2006) and included subjects with ages ranging from 22 to 77 years with 15 men and 11 women. Participants in the Combined Group were 22 to 84 years of age, including 26 men and 29 women. There was no significant difference in age between the gender groups with any of the three cohorts (p ≥ 0.21) and there was no significant gender by cohort interaction (p = 0.76) for age across Groups 1 and 2.
Participants underwent an extensive medical screen to exclude any history of illness or injury that could affect brain structure or function. The screening procedures have been described in detail (Alexander et al., 1997) . Briefly, these procedures included a review of medical history, neurological and physical exams, blood tests, electrocardiogram, electroencephalogram, brain MRI, neuropsychological assessment, and clinical scales. The participants were selected from a cohort of healthy adults evaluated as part of a study of aging and dementia in the Intramural Research Program at the National Institute on Aging where test results for all participants were individually reviewed and discussed to consensus at a diagnostic group conference attended by neurologists, psychiatrists, and neuropsychologists specializing in aging and dementia.
All participants included in this study were medically healthy with no evidence of cognitive impairment or complaints, had Mini-Mental State Examination (MMSE; Folstein et al., 1975) scores ≥ 28, and had good-quality MRI scans. The data were part A C C E P T E D M A N U S C R I P T
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Apolipoprotein E (APOE) alleles were determined from genomic DNA obtained from blood samples using a polymerase chain reaction (PCR) method which has been previously described in detail (Saunders et al., 1993) . Briefly, genotyping was performed with DNA amplification by PCR using APOE primers and the HhaI restriction isotyping enzyme. Amplified DNA was digested by HhaI, resolved on a polyacrylamide gel, and autoradiographed for allele detection. Each autoradiograph was visualized by two independent observers who were blind to subject age and cognitive function. The
Combined Group of 55 subjects consisted of 19 carriers of the APOE ε4 allele (one ε4/ ε4, 17 ε3/ε4 and one ε2/ ε4) and 36 ε4 non-carriers (30 ε3/ε3, five ε2/ε3, and one ε2/ ε2). There were no significant age (p = 0.66) or gender (p = 0.61) differences between APOE ε4 carriers and non-carriers. APOE ε4 carrier distributions for the three cohorts are shown in Table 1 . Although the frequency of APOE ε4 carriers in this sample is 34.5%, about 10% percent higher than general population estimates, the subjects were not pre-selected on the basis of genetic risk or family history of dementia and were selfreferred normal volunteers without memory complaints.
Image acquisition
In Group 1, volumetric T1-weighted SPGR MRI scans were acquired for each participant on a 1.5T scanner (GE Signa II, Milwaukee, WI, USA) with 124 contiguous 
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Age-Related MRI Network Patterns 10 Group 2 have been described previously (Alexander et al., 2006) . These scans were also obtained as volumetric T1-weighted SPGR MRI scans on the same 1.5 T GE Signa II system, but were acquired with 124 contiguous coronal 2 mm thick slices and a 0.94 by 0.94 in plane resolution (repetition time = 24 msec, echo time = 5 msec, field of view = 24).
Image processing
The MRI scans were processed using Statistical Parametric Mapping (SPM5, Wellcome Department of Imaging Neuroscience, London, UK) with VBM (Ashburner and Friston, 2000; Good et al., 2001) . Briefly, for each group customized samplespecific tissue segmentation priors were created using all scans from that cohort, with the tissue priors applied for use in the iterative spatial normalization and tissue segmentation procedure. Each gray matter map was multiplied by the Jacobian determinant and smoothed using a 10-mm Gaussian kernel to produce smoothed maps of gray matter volume. An estimate of total intracranial volume (eTIV) was computed for each scan by combining the gray, white, and cerebrospinal fluid segments obtained from the SPM VBM processing.
Image Analysis
After SPM5 VBM processing, SSM analysis was performed for the voxel-based gray matter volume images using MATLAB (Math Works, Natick, Massachusetts, USA).
The assumptions and procedures of the SSM have been previously described in detail (Moeller et al., 1987; Alexander and Moeller, 1994) . Briefly, a PCA is performed on the A C C E P T E D M A N U S C R I P T
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Age-Related MRI Network Patterns 11 natural log transformed neuroimage data, after the means across regions and subjects are subtracted at each voxel. These procedures produce a set of regional network covariance patterns and corresponding subject scores that reflect the degree to which each subject expresses the identified network patterns. We performed SSM on VBM gray matter images to identify patterns of gray matter volume associated with age in our healthy samples. Multiple regression analysis was used to identify the best set of SSM component patterns predicting age. We first tested the significance of the regression model predicting age using the first 10 patterns of the SSM and subsequently identified the subset of those 10 patterns with significant coefficients providing the best pattern estimate of age in each sample. Additional regression analyses were used to test the effect of gender and APOE ε4 carrier status on the identified age-related network. The eTIV was subsequently used as an additional covariate to test for possible effects of individual differences in total brain intracranial size.
A bootstrap re-sampling procedure (Efron and Tibshirani, 1994) was applied with 500 iterations to the SSM analysis (Alexander et al., 2008) providing reliability estimates at each voxel for the observed pattern weights associated with age for the Group 1, Group 2, and Combined Group analyses. The bootstrap method was used to calculate confidence intervals for the voxel weights of the pattern associated with the subject score prediction of age. SSM and subject score regression analyses were performed at each iteration of the bootstrap. The set of SSM components that are used to predict age and compute the associated pattern was the smallest set whose subject scores accounted for 80% of the variance of the voxel-by-subject interactions in the MRI data set. This approach tends to conservatively allow the major sources of variance in the The SSM VBM gray matter pattern weights associated with healthy aging derived from our previous study (Alexander et al., 2006) were prospectively applied to the MRI scans from Group 1 to directly test the expression of the prior age-related pattern in the current independent sample. This procedure has been described previously (Eidelberg et al., 1995; Habeck et al., 2005) , in which the pattern weights obtained from an image analysis can be applied to a new set of image data collected from independent samples or from repeated measurements in the same subjects. Briefly, the dot product of the gray matter map for each subject with the previously identified regional network pattern map is performed. In this case, the resulting scalar subject scores represent the degree to which each subject in the new sample manifests the previously derived pattern of gray matter volume.
Results
To identify gray matter patterns associated with healthy aging, we first applied SSM analysis to the MRI VBM gray matter maps from the 29 healthy adult subjects in
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Age-Related MRI Network Patterns 13 Group 1. Focusing on the major source of variance in the gray matter maps, we initially restricted the multiple regression model to include the subject scores from the first 10 SSM component patterns. This model significantly predicted age (F (10,18) = 6.30, p ≤ 0.0004) in the Group 1 cohort. A single network pattern, the first principal component, was the best and only significant individual predictor of age in the sample, accounting for 64% of the variance (F (1,27) = 47.11, p < 0.000001; Fig. 1 ). This age-related component pattern was characterized mainly by reductions in bilateral medial and dorsolateral prefrontal, perisylvian, and precuneus regions, with relative preservation in bilateral thalamus (Fig. 2) . The locations in Talairach and Tournoux (1988) atlas coordinates for voxels with local minima and maxima pattern weights for this SSM agerelated component are shown in Table 2 . With eTIV added as an initial covariate, the age effect remained significant, accounting for 59.6% of the variance (F (1,26) = 45.45, p < 0.000001) and eTIV did not significantly contribute to the model (p = 0.19). After entering age in a separate multiple regression model, gender was not a significant predictor of the estimate of participant ages from the SSM age-related pattern (p = 0.93).
To test the reproducibility of our previously reported voxel-based SSM agerelated pattern (Alexander et al., 2006) , we prospectively applied the SPM2 VBM SSM pattern weights from the prior study of 26 subjects composing Group 2 to the gray matter map of each subject in Group 1. The subject expression of the previously reported age-related pattern significantly predicted age in the independent Group 1 cohort, accounting for 52% of the variance (F (1,27) = 28.99, p < 0.00002; Fig. 3 ). With eTIV added as an initial covariate, the age effect remained significant, accounting for Because the previously reported analysis of Group 2 (Alexander et al., 2006) used SPM2 for the VBM post-processing, we performed an SSM analysis on the MRI scans from Group 2 using SPM5 VBM processing to identify network patterns of gray matter associated with age that would be directly comparable with the Group 1 SPM5
VBM SSM results. We again initially restricted the multiple regression model to include the subject scores from the first 10 SSM component patterns, and found that the model significantly predicted age (F (10,15) = 4.86, p < 0.004). A single network pattern, the first component, was the best and only significant predictor of age in the sample, accounting for 48% of the variance (F (1,24) = 22.08, p < 0.00009; Fig. 4 ). This age-related component pattern was characterized mainly by reductions in bilateral medial and dorsolateral prefrontal, superior temporal, perisylvian, and inferior parietal regions, as well as in a small area in the vicinity of the right caudate (Fig. 5) . Regions of relative preservation in this pattern included bilateral thalamus and cerebellum. The locations in Talairach and Tournoux (1988) atlas coordinates for voxels with local minima and maxima for the age-related SSM pattern are shown in Table 3 . With eTIV added as an initial covariate, the age effect remained significant, accounting for 48% of the variance (F (1,23) = 21.18, p < 0.0002) and eTIV did not significantly contribute to the model (p = 0.81). After entering age in a separate multiple regression model, gender was a significant predictor of the estimate of participant ages from the SSM age-related We subsequently combined Groups 1 and 2 into a Combined Group, 55-subject cohort and used the SSM to characterize regional covariance patterns of brain volume in relation to age. We again initially restricted the multiple regression model to include the subject scores from the first 10 SSM component patterns, and found that the model significantly predicted age (F (10,44) = 8.88, p < 0.000001). A single network pattern, the first component, was the best and only significant predictor of age in the sample, accounting for 56% of the variance (F (1,53) = 66.60, p < 0.000001; Fig. 6 ). This agerelated component pattern was characterized mainly by reductions in medial and dorsolateral prefrontal, left mid temporal, right inferior temporal, supplementary motor, caudate, and to a lesser extent parietal regions, with relative preservation in the cerebellum (Fig. 7) . The locations in Talairach and Tournoux (1988) atlas coordinates for voxels with local minima and maxima for the age-related SSM pattern are shown in Table 4 .
Because the scans for the two groups differed in MRI scan acquisition parameters, we tested for the possibility of scan acquisition effects on our observed age-related pattern in the Combined Group cohort. Scan acquisition sequence alone was not a significant predictor of age (p = 0.53), and when added as an initial covariate in the multiple regression model, the age-related pattern remained unchanged,
Age-Related MRI Network Patterns 16 accounting for 55% of the variance in age (F (1,52) = 64.78, p < 0.000001). When eTIV was added as an initial covariate (p = 0.22), the age effect also remained significant, accounting for 58% of the variance (F (1,52) = 76.30, p < 0.000001). After entering age in a separate multiple regression model, gender did not significantly predict the estimate of participant ages from the SSM age-related pattern (p = 0.14).
To evaluate the potential influence of APOE ε4 on the observed age-related regional gray matter pattern, we tested the association between APOE ε4 carrier status and subject expression of the age-related SSM pattern in the Combined Group cohort (n = 55). After entering age in a multiple regression model, APOE ε4 carrier status did not significantly predict the estimate of participant ages from the SSM age-related component pattern (p = 0.78).
Discussion
The results suggest that healthy aging is associated with a regionally distributed pattern of MRI gray matter reductions that has reproducible regional features, which include frontal, temporal, parietal, and subcortical brain regions. Whereas the agerelated regional network patterns clearly included regions outside the frontal cortex, the frontal brain regions showed the most consistently extensive and reliable reductions across our three analysis cohorts and this was especially evident for the medial frontal cortical regions. These findings suggest that healthy human aging is associated with reproducible regional patterns of atrophy that share common regional features, including prominent reductions in frontal brain regions, but also including reductions in selective temporal, parietal, and subcortical brain areas, as part of a common
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In our current study, the spatial extent of the SSM age-related pattern in Group 1 was notably greater than the pattern observed from the Combined Group. This may reflect greater variability in the Combined Group with two cohorts acquired with different scan sequences, but also suggests that the observed frontal reductions from the Combined Group analysis reflects a relatively more robust shared feature of the agerelated gray matter network pattern compared to those regions showing a more diminished extent of reductions in the Combined Group. In addition, the SSM gray matter network patterns from the current study showed a greater regional extent than our previously reported age-related pattern. The analysis from the previous study (Alexander et al., 2006) used SPM2 for the VBM and did not incorporate bootstrap resampling. Thus, the previously reported age-related pattern used different MRI postprocessing and was not adjusted on a voxel basis for variability in the regional contributions to the network pattern. Our re-analysis of the MRI scans from Group 2 using SPM5 VBM SSM with bootstrap re-sampling produced a similar regional pattern to the Group 1 result using the same analysis and post-processing methods. Although the age-related pattern from the Group 2 analysis with SPM5 SSM was highly significant with 48% of the variance explained, it was reduced compared to our Group 1 result at 64% of the variance explained and our previously reported Group 2 findings with SPM2 VBM at 66% of the variance explained, suggesting that differences between samples, post-processing methods, and scan sequences can influence the sensitivity for detecting common age-related gray matter patterns. Importantly, despite the
Age-Related MRI Network Patterns 18 differences between cohorts in scan acquisition parameters, post-processing, and the possibility of age-related subject differences, common regional features of the multivariate age-related patterns were observed across all three group analyses, which may best reflect the shared regional effects of aging across the subject cohorts.
Prospective application of the prior pattern to Group 1 was highly significant, accounting for 52% of the variance and supporting the overall reproducibility of our multivariate network patterns of aging across independent samples. For each of the three analysis group cohorts, there was no difference between gender groups in chronological age. In our previous study, however, the men showed a higher expression of the age-related gray matter pattern (Alexander et al., 2006 ) and this gender difference was also observed in our re-analysis of the Group 2 MRI scans with SPM5 VBM SSM. The gender effect was not observed in either Group 1 or the Combined Group and may have contributed, together with scan sequence differences, to greater variability in the Combined Group analysis. Gender differences in age-related gray matter atrophy have been reported previously by some investigators (Pruessner et al., 2001 ), but not by others (Meyer et al., 2000) . The current findings suggest that gender differences in age-related gray matter reductions can be variable across groups and may, in part, reflect a source of heterogeneity in the influence of aging on gray matter volume. It is also possible that the relatively lower variance explained in the forward application of our prior pattern to Group 1 is related to differences in scan acquisition parameters or to differences in post-processing between optimized SPM2 VBM, used in the previous study, and SPM5 VBM from the current study. We prospectively applied the pattern weights from the single network pattern that predicted age using SPM5 VBM
Age-Related MRI Network Patterns 19 SSM in Group 2 to the MRI scans from Group 1; this pattern significantly predicted age in Group 1, accounting for 56% of the variance (F (1,27) = 34.74, p < 0.000003) and neither eTIV nor gender were significant predictors for Group 1.
The regional findings from our age-related pattern are generally consistent with the major findings from previous univariate analyses of regional brain volume in healthy aging (Raz et al., 1998; Good et al., 2001; Jernigan et al., 2001; Tisserand et al., 2002; Tisserand and Jolles, 2003) . The differences in some regional findings between previous studies may be related to differences in the size, composition, and health status of subject samples, as well as the potential influence of genetic risk factors for neurodegenerative diseases like AD, which may be differentially represented in the respective study cohorts. Our sample was selected from a general cohort of healthy adult volunteers enrolled in a study on aging and dementia, and was rigorously screened to exclude all medical illnesses that could influence brain structure.
That APOE was not related to the age-related gray matter network in our Combined Group cohort suggests that the pattern of gray matter reductions observed in this sample cannot be explained by an increased risk for dementia due to the APOE ε4 allele. It is well established that presence of the APOE ε4 allele has been associated with reductions in cerebral metabolism in brain regions known to be preferentially affected by AD among cognitively normal, young to late middle-aged healthy adults (Reiman et al., 2004 (Reiman et al., , 2005 ). Although our current findings, showing no association of the APOE ε4 carrier status with our age-related gray matter pattern, reduce the likelihood that the observed gray matter reductions in healthy aging reflect the very early effects of incipient dementia in this healthy cohort extending from young to elderly
Age-Related MRI Network Patterns 20 adulthood, we cannot exclude the possibility of other underlying factors associated with developing disease having an influence on our gray matter pattern. It is possible that APOE ε4 may exert its greatest observable neuroimaging effects as a risk factor for late onset AD in young to late middle age. Further research is needed to evaluate the effects of APOE ε4 and other disease-related genetic risk factors on regional patterns of gray matter reduction with larger samples over the full adult age spectrum, as well as in agespecific subgroups to investigate their potential impact on the structural brain changes associated with healthy aging.
It is noteworthy that, using the same multivariate approach with VBM and bootstrap re-sampling for MRI scans acquired in young and old rhesus macaques, a pattern of frontal and selected temporal lobe gray matter reductions was observed in a non-human primate model of healthy aging in which the pathology of AD does not occur (Alexander et al., 2008) . In this non-human primate study, gray matter reductions were observed in dorsolateral prefrontal regions, but not in regions of the medial frontal cortex that were prominently represented in the age-related network pattern of our human studies. Although the reductions in medial frontal regions in our human studies were consistently observed across the three group analyses, it is possible that this regional finding reflects age-associated atrophy related to widening of the anterior portion of the inter-hemispheric fissure. Further research is needed to help elucidate the implications of the differential regional effects within the frontal cortex of healthy aging found in humans and non-human primates.
Our current findings are generally consistent with those reported by Brickman et al. (2007 Brickman et al. ( , 2008 . There are, however, some notable differences in comparison to our
Age-Related MRI Network Patterns 21 studies in the approach to testing the effects of aging on brain structure. Whereas our studies included subject samples from a continuous adult age range, extending from 22 to 84 years of age, the studies by Brickman (2007 Brickman ( , 2008 did not include middle-aged participants. Testing for regional patterns using young versus old age groups may identify patterns of group difference that may not reflect the full extent of age-related gray matter variance over the full spectrum of healthy aging. In addition, the Brickman et al. (2007, 2008) studies performed their MRI post-processing using SPM99 for the VBM procedures. Significant advances in the combined spatial normalization and tissue segmentation for VBM have since been implemented in SPM5 (Ashburner and Friston, 2005) , the version used in the current study. Further, we applied bootstrap re-sampling for determining the robust regional contributions for the age-related patterns in the SSM analysis in the current study, which was not used in the previous healthy human aging studies by Brickman et al. (2007 Brickman et al. ( , 2008 or in our prior study (Alexander et al., 2006) . By adjusting the SSM pattern weights by the variance estimates obtained from the bootstrap procedure performed over 500 iterations, we identified the regional contributions to the SSM patterns associated with healthy aging in which the potential impact of regional pattern variability related to idiosyncratic aging effects for individual subjects or subgroups within the samples are minimized Alexander et al., 2008) . Thus, the age-related gray matter network patterns observed in the current study may be more likely to reflect commonly shared, robust regional features of healthy aging. Further studies are needed using larger samples to test the reproducibility of the common age-related regional pattern features observed in our study and to test the relation of patterns of gray matter atrophy with performance on
Age-Related MRI Network Patterns 22 measures of cognitive abilities known to be affected in healthy aging. The development and application of a common age-related network pattern may also prove helpful in distinguishing the effects of age-related neurodegenerative disease from healthy aging.
More studies are needed to evaluate the potential of such MRI multivariate gray matter patterns in aiding current efforts to help discriminate the early effects of AD from neurologically healthy aging and to potentially evaluate AD treatments effects over time.
In addition, there is growing interest in studying the association of white matter changes, assessed by MRI structural and diffusion tensor imaging, as a potential factor affecting cognitive aging. Further research is needed to investigate regionally distributed patterns of white matter integrity in relation to healthy aging for comparison with our age-related gray matter patterns.
The development of methods that aid in early detection and tracking of brain changes is especially relevant to current aging research and the emerging focus on using neuroimaging techniques to evaluate treatments to delay or diminish the effects of aging, AD, or their interaction (Jack et al. 2008) . This study supports the application of multivariate SSM network analysis to evaluate the regionally distributed effects of aging on the brain. SSM with MRI VBM was able to identify a robust regional pattern of gray matter that was reproducible across independent subject samples, scan sequences, and differential genetic risk for AD. With larger study cohorts, it may be possible to generate an MRI gray matter pattern representative of the effects of healthy aging that can help to detect and track age-related brain changes, as well as evaluate potential VBM predicting age in 55 healthy adults (Combined Group), 22-84 years of age.
Predicted age is derived from the subject scores for the first SSM component pattern. A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T 
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